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[JP,2599753,B] 
* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect 
the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 

(57) [Claim(s)] 

[Claim 1] R (one sort or two sorts or more of combination of rare earth elements in 
which R contains Y here), TM (TM here) it is the transition metals consisting mainly of 
Fe and Co, and other metallic elements or nonmetallic elements may permute a part. 
The R-TM-B system permanent magnet characterized by having prepared the mat 
metal deposit in the front face of this permanent magnet object, and preparing one or 
more layers of enveloping layers with few pinholes on it in the R-TM-B system 
permanent magnet which consists of B (boron). 

[Claim 2] The R-TM-B system permanent magnet according to claim 1 whose mat 
metal deposit is a mat nickel deposit and whose enveloping layer with few pinholes is a 
gloss nickel deposit. 

[Claim 3] R (one sort or two sorts or more of combination of rare earth elements in 
which R contains Y here), TM (TM here) it is the transition metals consisting mainly of 
Fe and Co, and other metallic elements or nonmetallic elements may permute a part. 
After processing into a predetermined configuration the R-TM-B system permanent 
magnet which consists of B (boron), The manufacture approach of a R-TM-B 
permanent magnet of having improved the corrosion resistance which etches, carries 
out mat metal plating and is characterized by subsequently to a it top preparing one or 
more layers of enveloping layers with few pinholes after [ this permanent magnet ] 
carrying out heating maintenance of the surface section at least at 600-1000 degrees 
C. 

[Claim 4] The R-TM-B system permanent magnet with which the enveloping layer 
with few pinholes has improved the corrosion resistance according to claim 1 by which 
a laminating is carried out to the order of metal plating, a chromate film, and the resin 
film. 

[Detailed Description of the Invention] 



[Industrial Application] 

This invention is a R-TM-B system permanent magnet, and relates to what has 
improved corrosion resistance remarkably especially by the multilevel-metal deposit. 
[Description of the Prior Art] 

The same demand also as the 1 components slack permanent magnet has become strong 
with the high performance and a miniaturization of the electrical and electric 
equipment. That is, although the strongest former permanent magnets were rare earth 
and cobalt (R-Co system), the recent years more powerfiil R-TM-B system permanent 
magnet has gained power (JP,61-34242,B). The thing and B to which R is one sort or two 
sorts or more of combination containing Y of rare earth elements, and TM permuted the 
part here with other metallic elements or nonmetallic elements centering on transition 
metals, such as Fe and Co, are boron. 

Since the conventional R-Co system magnet contained Co so much, there being 
corrosion resistance originally and needing surface treatment was restricted to 
accessories etc. 

That is, after carrying out non-eaten away away cleaning of the R-Co system magnet, 
mat nickel plating was performed as surface treatment, and the surface treatment 
approach of subsequently performing various plating processings, such as gold plate, 
was learned (JP,53-114737,A). 

Here, the degreasing method for example, of trichloroethylene washing -> emulsion 
cleaning -> rinsing -> boiling cleaning -> rinsing in non-eaten away away cleaning is 
said. Moreover, although mat nickel plating has various approaches, without adding a 
brightener in a Watts bath, it plates by being high-speed, and adhesion is good and is 
little distorted plating. 

In addition, as a plated R-Co magnet, after degreasing, coppering is performed, nickel 
plating is performed further and invention (JP,57-66604,A) and invention 
(JP,49-86896,A) they also combine a mechanical hometown and improves by performing 
various plating are known. 

In addition, the svixface treatment approach of common steel is learned as composite 
plating. As for this, a sulfur content first performs 0.01% or less of mat nickel plating (it 
continues being a Watts bath) or semigloss nickel plating to a raw material front face 
using the autophagy of nickel. In this case, the 2nd brightener which does not contain 
sulfur, 1 [ for example, ], four butynediols, propargyl alcohol, etc. are used for the 
brightener of semigloss nickel plating. In addition, into the mat nickel-plating film 
deposited from the Watts bath, the amount not more than 0.01% or it is carrying out 
[ sulfur ] the eutectoid (the volume for metal Surface Finishing Society of Japan: 



surface-of-metal technical handbook R286 (1984)). Next, gloss or a semigloss 
nickel-plating layer is prepared as the upper layer. In this case, the brightener 
containing sul^ (mainly the 1st brightener), for example, saccharin, 1, 5 naphthalene 
disulfon acid sodium, etc. are used as a brightener, and 0.03 - 0.08% of sulfur contains in 
the nickel-plating film (the volume for metal Surface Finishing Society of Japan: 
surface-of-metal technical handbook P.286 (1984)). This advances corrosion to a 
longitudinal direction by considering the upper layer as sacrifice plating (for this reason, 
the corrosion of sacrifice plating is promoted), and consumes and stops the corrosion to 
the direction of a raw material. 

It is said to be a principle here to make thickness of the upper layer in bilayer nickel 
plating into about about 20% of the thickness of all nickel plating. 

Moreover, three-layer nickel plating is also known (the volume for metal Surface 
Finishing Society of Japan; surface-of-metal technical handbook p.287-288 (1984)). 
Furthermore, in nickel plating, it is known by generally using a sulfamic acid bath that 
it is rich in plasticity, stress in electrodeposits is also low, and it is suitable for thickness 
attachment and electrocasting (same as the above p.290). 
[Problem(s) to be Solved by the Invention] 

however, the R-Co system magnet with which, as for the conventional surface treatment, 
a raw materisd has corrosion resistance in itself — or since it was developed for the firont 
face of common steel, as it is, the corrosion resistance of the raw material itself was 
remarkably bad, and when applied to the R-TM-B system magnet inferior to common 
steel, there were the following troubles. 

(1) Compared with a R-Co system magnet, a R-TM-B system magnet tends to be 
influenced by processing, and its damaged layer is thick. Therefore, in having 
performed the conventional composite plating as it was, there was a trouble that an 
enveloping layer exfoliated on the whole with a damaged layer as the starting point. 

(2) Moreover, there was also a trouble that it was farther [ than the case where internal 
stress is a R-Co system magnet ] large, a crack went into a deposit as a result, and 
corrosion resistance deteriorated remarkably by the difference in the combination of a 
raw material and a deposit. 

Therefore, the object of this invention is to offer the corrosion resistance R-TM-B system 
permanent magnet improved remarkably. 
[Means for Solving the Problem] 

This invention is R (one sort or two sorts or more of combination of rare earth elements 
in which R contains Y here), and TM (TM here), it is the transition metals consisting 
mainly of Fe and Co, and other metallic elements or nonmetallic elements may permute 



a part. In the R-TM-B system permanent magnet which consists of B (boron)» it is the 
R-TM-B system permanent magnet characterized by having prepared the mat metal 
deposit in the front face of this permanent magnet object, and preparing one or more 
layers of enveloping layers with few pinholes on it. 

In this invention, the element which permutes a part of TM can add Ga, aluminum, Ti, 
V, Cr, Mn, Zr, Hf, Nb, Ta, Mo, germanium, Sb, Sn, Bi, nickel, etc. according to the 
addition object, and this invention can be applied to any R-TM-B system magnets. 
Moreover, a sintering process, a molten metal quenching method, or which approach of 
those displacement methods is sufficient as the manufacture approach. 
In this invention, since the mat metal deposit has good adhesion with a R-TM-B system 
magnet body, it is an indispensable layer. Moreover, residual stress is good few. As the 
manufacture approach, it is good after cleaning by organic solvents, such as Freon, to 
perform sulfamic acid nickel plating or Watts bath nickel plating. 1-20 A/dm2 of 
current density is good, and its 1.5-2 A/dm2 is more preferably good. The thickness of a 
deposit has optimal 10-15 micrometers. 

Pretreatment of a R-TM-B system magnet raw material is important, and especially 
clearance of a damaged layer is important for it here. That is, although grinding, cutting, 
etc. are processed into a R-TM-B system magnet, a damaged layer is formed in this case, 
and generally that thickness is about 60 micrometers, and is several times thicker 
compared with it of a R-Co system magnet. Although composite plating was performed 
as it was conventionally, then, the coat peeled in the shape of a layer from the place of a 
damaged layer in many cases. 

Then, this generating person did the knowledge of the ability to decrease a damaged 
layer remarkably to 600-900 degrees C by carrying out heating maintenance of the 
R-TM-B system magnet raw material. Namely, although selective corrosion of the grain 
boundary is carried out, it causes pitting and corrosion resistance gets worse from the 
description of a R-TM-B system magnet that the rare earth elements which are very 
easy to participate in the grain boundary generally exposed to the front face condense 
(consequently, the presentation near a Nd-Fe eutectic presentation is shown.) As a 
result of the grain boundary which has the presentation near a Nd-Fe eutectic 
(eutectic-point temperature is 640 degrees C) serving as liquid crystal at a part and 
filling it up with a stoma with heating of 600 degrees C or more, it thinks for this stoma 
to disappear. In addition, although there is effectiveness of this invention in a actual 
R-TM-B system magnet from 600 degrees C somewhat lower than Nd-Fe eutectic 
temperature, since oxidation on the front face of a magnet makes it promote when 
exceeding 1000 degrees C, it is not desirable. 



Subsequently, Freon etc. is degreased, acid washing etc. is etched and mat metal plating 
processing is performed. 

Although adhesion with a raw material is good and stress in electrodeposits's is small, 
since it has a columnar crystal organization, mat metal plating has many clearances, 
and just this layer is [ corrosion resistance ] insufficient. 

So, in this invention, it is characterized by preparing one or more layers of enveloping 
layers with few pinholes on it further. Although a metal deposit, a chemical film layer, 
lining, coating, etc. are good anything as an enveloping layer with few pinholes, gloss 
nickel plating or semigloss nickel plating is suitable. It is because there is no possibility 
that the direction of a lower layer and a metal of the same kind may produce galvanic 
corrosion. Any of a Watts bath, a HOUFUTSU-ized bath, and a sulfamic acid bath are 
sufficient as gloss nickel plating, and a Watts bath is enough as it. In this invention, as 
for a brightener, 1, 5 naphthalene disulfon acid sodium, 1 and 3, 6 naphthalene tris 
RUHON acid sodium, saccharin, a FARATORU en sulfonamide, etc. can use 
formaldehyde, 1, four but3mediols, propargyl alcohol, ethylene cyanohydrin, etc. as the 
2nd brightener as the 1st brightener. 

Although about 10-15 micrometers is suitable for the thickness of this enveloping layer, 
and a principle makes thickness of the upper plating used as this layer about about 30% 
of the thickness of all nickel plating in being well-known multilayer nickel plating, 
there is such no constraint in this invention, this is considered for having carried out 
the effect of the invention since as for not sacrifice plating but the mat deposit and 
complementation of this invention according [ composite plating ] to the so-called 
autophagy. 

In fact, the effectiveness that the R-TM-B system magnet concerning this invention 
protected a raw material, without corroding both layers also in a corrosion resistance 
test was checked. 

In addition, in this invention, if a composite plating layer is not limited to two-layer but 
mat deposits, such as nickel and Cr, are prepared in a raw material front face, corrosion 
resistance will improve further by carrying out resin coating after chromate treatment 
that the upper layer shoidd just lose a pinhole. 

Moreover, in this invention, it is remarkably few in the residual hydrogen in a deposit, 
and there is no hydrogen embrittlement in it. A process is skipped compared with 
having needed several hour baking aroimd 200 degrees C immediately after plating in 
the conventional plating, and corrosion resistance also improves notably. Although the 
cause with few amounts of hydrogen residuals is unknown, it is likely to consist of the 
main phase which makes a Nd2Fel4B intermetallic compound a subject, an R rich 



phase to which R condensed, and a Fe rich phase to which Fe condensed, and there are 
likely to be grain boundary structure of the R-TM-B system magnet which becomes 
most, and some relation from activity rare earth elements and iron chemically. Because, 
[Example] which is because the effectiveness of this invention does not arise in a SmCo 
magnet 
(Example 1) 

Nd (Fe0.70Co0.2B0.07Ga0.03)6.5 the alloy of a presentation was produced by the arc 
dissolution and coarse grinding of the obtained ingot was carried out by the stamp mill 
and the disc mill. It pulverized. with the jet mill, using N2 gas as tumbUng media, and 
pulverizing powder with a grinding grain size of 3.5 micrometers (FSSS) was obtained. 
Horizontal magnetic field shaping (the press direction and the direction of a magnetic 
field intersect perpendicularly) of the obtained raw material powder was carried out all 
over the magnetic field of 15KOe(s). 2t /of compacting pressure was [ cm ] 2. This Plastic 
solid was sintered in the vacuvim in 1090 degree-Cx 2 hours. The sintered compact was 
cut down in 18xl0x6mm dimension, after carrying out heating maintenance 
subsequently to under [ of 900 degrees C ] the formation of argon **** for 1 hour, it 
quenched, and it held for 1 hour at the argon ambient atmosphere furnace which held 
temperature at 600 degrees C, That about 80 micrometers of whose damaged layers of 
the sample before this heat treatment were was decreasing to 30 micrometers after heat 
treatment. 

In this way, the following surface treatment was performed by making a thing [ not 
continuing not performing distorted picking heat treatment for the obtained sample ] 
into the example of a comparison. 

That is, after degreasing and carrying out acid washing of said test piece with Freon, 
various plating shown in the 1st table on a magnet front face as the example which 
performed mat sulfamic acid nickel plating by the working condition shown in the 1st 
table, and performed gloss sulfamic acid nickel plating on it, and an example of a 
comparison was performed. 

It turns out that corrosion resistance may be improved remarkably, without degrading 
magnetic properties in this invention as an example and the example of a comparison 
are shown in the 2nd table by comparison. 

In the 2nd table, as an index which shows oxidation resistance, when said test piece was 
left for three days in an ambient atmosphere with a temperature [ of 120 degrees C 1, 
and a humidity of 100 degrees C (pressure cooker test (FCT)), oxidation loading, 
oxide-film thickness, tape peel test, and appearance of a test piece was chosen. 
Oxide-film thickness is expressed with the maximum thickness of an oxide film. 



A tape peel test observes the existence of HAGASHI of the coat film when sticking and 
stripping the Scotch tape of marketing with a width of 18mm to the test piece after PCT 
visually. 

In addition, the number of samples took each 40 examples. The numeric value shown in 
the 2nd table and the 3rd table shows the average of 40 pieces. 
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Moreover, the result of having investigated the existence of a pinhole by the ferroxyle 
test (JIS H8617) is shown in the 3rd table. By performing gloss nickel plating shows 
that an outer layer coat without a pinhole is obtained. 
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The cross-section organization photograph of the R-TM-B system permanent magnet 
concerning this invention is shown in Figs. 1 and 2 . It is 300 times the scale factor of 
this. Although a photograph 1 shows the flat part of a sample and a photograph 2 shows 
the edge corner section of a sample, both, it is uniform thickness and it turns out that 
the good film without a pinhole and a crack is obtained. Moreover, it is in sight that the 
damaged layer remains slightly between a raw material and a mat deposit. A certain 
interlayer is seen in the medium of a mat deposit and a gloss deposit. Since this layer is 
making the passive state, in this invention, it is thought that the anticorrosion 
effectiveness is acquired not total of both the effectiveness of there not being only 
goodness of base adhesion of a mat deposit and a pinhole of a gloss deposit but more 
than it. 
(Example 2) 

It was further immersed in the chromic anhydride liquid of the concentration of 6.0g / ** 
(pH=1.3) for 5 minutes at 50 degrees C, the sample obtained in the example 1 was dried 
by ordinary temperatxxre radiationnal cooling, and chromate treatment was carried out. 
When it was similarly estimated as the example 1, it was oxidation loading 0.03 mg/cm2. 
Moreover, make cathode and SUS316 material into an anode plate, and a magnet is 
made to electrodeposit after chromate treatment on the temperature of 29 degrees C, 
and the conditions for electrical-potentiEd-diflference 180 V or 4 minutes, and according 
to heat curing, crosslinking reaction was made to cause and carried out coagulation 



application (electrodeposition coating). Oxidation loading of a sample was 0.01 mg/cm2 
and what has very good corrosion resistance. In addition, although the example showed 
the example which used the nickel sulfamate bath, effectiveness with the same said also 
of other plating baths, for example, a watt nickel bath, and a HOUFUTSU ghost nickel 
bath is acquired. Moreover, the same effectiveness is acquired also in the combination 
by other metals or alloys other than nickel. 
[Effect of the Invention] 

According to this invention, by making rare earth and iron into a subject, in a magnet, 
the corrosion resistance remarkable improvement whose conventional multilevel-metal 
plating was inadequate can be measured, and the effectiveness of expanding the 
application of this aperiodic compass remarkably can be attained. 

[Brief Description of the Drawings] 

Drawing 1 and drawing 2 show the cross-section metal texture photograph by one 
example of this invention respectively. 



[ Drawing 1 ] 




[ Drawing 2 ] 
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